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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
proton energy range from 1 to 150 MeV. The evaluation utilizes
MF=6, MT=5 to represent all reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all

residual nuclides produced (AsS) in the reaction chains. To
summarize, the ENDF sections with non-zero data above are:

MF=3 MT= 2

MT= 5

MF=6 MT= 2

MT= 5

Integral of nuclear plus interference components
of the elastic scattering cross section

Sum of binary (p,n’) and (p,x) reactions

Elastic (p,p) angular distributions given as
ratios of the differential nuclear-plus–
interference to the integrated value.

Production cross sections and enerqy-anqle
distributions for emission neutron~~ pr~tons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Ni58 and p + Ni58 reactions (Ch97) . We use the GNASH code system
(Y092) , which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic proton angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic

(Ka88) .
A model was developed to calculate the energy distributions of

all recoil nuclei in the GNASH calculations (Ch96) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF.6 are given in the center-of-mass system.

~ This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting.

Preequilibrium corrections were performed in the course of the
GNASH ealcula-t-ions using the exciton mo-del o-f”KaIbach (KaT7,
Ka85) , validated by comparison with calculations using Feshbach,
Ke rman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Gilbert and Cameron [Gi65] and pairing
and shell parameters from the Cook (COG7) analysis. Neutron and

charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray



transmission coefficients were calculated using the Kopecky-Uhl
model (K090) .

DETAILS OF THE p + S1-28 ANALYSIS

The neutron optical model potential was, adjusted to reproduce the
measured total cross section data (Ci68, l?e73, SC73, La83, Smg2,
Di97) , s-wave strength function (MU81) , and elastic scattering
angular distribution data (Sm92, Gu85, Tu73, Pe88, Ya79) . The
total cross section data for natural Ni was used above 20 MeV
because there was no data for Ni-58 at this energy region. The
data for natural Ni were transformed” to the Ni-58 cross section
according to A*(2/3) law. The parameter estimation was carried
out based on Marquart-Bayesian approach (Sm91) , where ECIS95 code
was used for the optical model calculation. We have employed the
energy dependence of the optical potential similar to Delaroche’s
work (De89) . The initial potential parameters were adopted from
Koning and Delaroche (K097) . Total of 17” parameters concerning
the central potential were estimated with associated covariance
matrix. Presently “obtained potential was used for the calculation
of neutron transmission coefficients and DWBA cross sections in
the entire energy region.

The proton optical potential was also searched for to obtain a
good description of proton-total reaction cross section as
predicted by Wellisch-Axen systematic (We96) above 50 MeV. The
parameter estimation was carried out by the Marquart-Bayesian
approach similar to the neutron OMP, but trying to seek the best
parameter to reproduce the reaction cross sections compiled by
Carlson (Ca96) and Wellisch values. In this search, the
geometrical parameters were fixed to be same as the neutron
potential. The present potential gives a good description of the
proton total reaction cross section from 10 MeV to 250 MeV.
However, after some trial and error to reproduce both the elastic.
scattering and reaction cross section data, we have employed the
following combination of proton potentials:

o to 5 MeV : Harper proton potential (Ha82)
5 to 50 MeV : Koning and Delaroche (K097)

50 to 260 MeV : Present OMP

For deuterons, the Lohr-Haeberli [L074] global potential was used;
for alpha particles the McFadden-Satchler [MC66] potential was
used; and for tritons the Beccheti-Greenlees [Be71] potential was
used. The He-3 channel was ignored.

The direct collective inelastic scattering to the following levels
in Ni-58 was considered by the DWBA-mode calculation of ECIS95
(Ra96) :

Jpi Ex(MeV)
2+ 1.454
4+ 2.459
2+ 3.038
2+ 3.263
4+ 3.620
2+ 3.898
2+ 4.108
4+ 4.299
4+ 4.405

Deformation length
0.900
0.350
0.Z42
0.306
0.246
0.111

0.063
0.127
0.329



3- 4 .47.5
4+ 4.757
4+ 5.438
4+ 5.472
2+ 5.749
4+ 5.766
2+ 5.906
3- 6.312
2+ 6.417
4+ 6.460
2+ 6.475
2+ 6.569
2+ 6.752
3- 6.854
2+ 6.983
4+ 7.051
4+ 7.068
3- 7.111
4-i-7.141
3- 7.210
2+ 7.272
3- 7.300
3- 7.420
3- 7.514
2+ 7.580
4+ 7.618
3- 7.858
4+ 7.860
3- 8.134
3- 8.797
3- 8.841
4+ 8.902
3- 9.012
3- 9.304
3- 9.379
4-I-9.436
3- 9.458
4+ 9.588
4+ 9.632
3- 9.672
3- 9.835
3- 9.870
3- 9.929
3- 9.956

0.708
0.403
0.151
0.080
0.048
0.086
0.115
0.128
0.068
0.098
0.065
0.056
0.141
0.296
0.116
0.090
0.086
0.079
0.112
0.323
0.088
0.063
0.048
0.171
0.051
0.083
0.106
0.097
0.142
0.097
0.112
0.072
0.056
0.065
0.106
0.071
0.082
0.052
0.080
0.121
0.083
0.076
0.061
0.071

These data were retrieved from the literature (Nuclear Data
Sheets) or were evaluated by Koning [K097] .

The level densities used in our ENDF 150-MeV evaluation for n+58Ni
(see the filel for that evaluation) were used in this work.

Results were extensively benchmarked against experimental data for
protons incident on 58Ni, including: the total nonelastic cross
section; (P,XP) emission spectra at 65 MeV by Sakai et al.; (p,xp)
emission spectra at 100, 120, and 150 MeV by Richter et al. ;
radionuclide production excitation functions; and (p,xn) spectra
at 22 MeV by Biryukov and at 26.5 MeV by Scobel et al. See Ref.

[Chgvl for details on benchmark calculations.
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2805S = Tl@2ET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barna:
Energy nonelas elastic neutron proton deuteron triton helium3 alpha !Jamna

3.000E+O0 ”5.901E-04 0.000E+OO “0.000E+OO ‘2.464E-04” 0.000E+O0 0.000E+OO 0.000E+OO 0.000E+OO 7.920E-04
4.000E+OO 1.672E-02 0.000E+OO 0.000E+OO 1.629E-02 0.000E+OO 0.000E+OO 0.000E+OO 1.866E-08 1.700E-02
5.000E+OO 8.264E-02 0.000E+OO 0.000E+OO 8.229E-02 0.000E+OO 0.000E+OO 0.000E+OO 5.865E-08 8.979E-02
6.000E+OO 2.862E-01 0.000E+OO 0.000E+OO 2.857E-01 0.000E+OO 0.000E+OO 0.000E+OO 4.697E-06 3.758E-01
7.000E+OO 4.918E-01 0.000E+OO 0.000E+OO 4.912E-01 0.000E+OO 0.000E+OO 0.000E+OO 1.661E-04 7.516E-01
8.000E+OO 5.699E-01 0.000E+OO 0.000E+OO 5.688E-01 0.000E+OO 0.000E+OO 0.000E+OO 7.337E-04 9.119E-01
9.000E+OO 6.150E-01 0.000E+OO0.000z+OO6.123E-010.000E+OO0.000E+OO0.000E+OO2.371E-031.144E+O0
1.000E+O16.773E-010.000E+OO 5.455E-03 6.657E-01 0.000E+OO 0.000E+OO 0.000E+OO 5.923E-03 1.456E+O0
1.1OOE+O1 7.552E-01 0.000E+OO 1.337E-02 7.325E-01 9.043E-09 0.000E+OO 0.000E+OO 9.071E-03 1.821E+O0
1.200E+01 8.256E-01 0.000E+OO 2.498E-02 7.884E-01 4.945E-07 0.000E+OO 0.000E+OO 1.231E-02 2.205E+O0
1.300E+01 8.815E-01 0.000E+OO 3.450E-02 8.374E-01 4.366E-05 0.000E+OO 0.000E+OO 1.71OE-O2 2.533E+O0
1.400E+01 9.253E-01 0.000E+OO 4.134E-02 9.122E-01 4.014E-04 0.000E+OO 0.000E+OO 2.187E-02 2.682E+O0
1.500E+01 9.629E-01 0.000E+OO 4.844E-02 1.045E+O0 1.296E-03 0.000E+OO 0.000E+OO 2.655E-02 2.585E+O0
1.600E+01 9.952E-01 0.000E+OO 6.026E-02 1.194E+O0 3.089E-03 9.744E-09 0.000E+OO 2.957E-02 2.337E+O0
1.700E+01 1.021E+O0 0.000E+OO 8.665E-02 1.340E+O0 5.816E-03 1.400E-06 0.000E+OO 3.159E-02 2.019E+O0
1.800E+01 1.040E+O0 0.000E+OO 1.213E-01 1.447E+O0 9.283E-03 1.153E-05 0.000E+OO 3.316E-02 1.771E+O0
1.900E+01 1.053E+O0 0.000E+OO 1.562E-01 1.51OE+OO 1.327E-02 2.835E-05 0.000E+OO 3.488E-02 1.651E+O0
2.000E+O1 1.061E+O0 0.000E+OO 1.879E-01 1.541E+O0 1.840E-02 5.855E-05 0.000E+OO 3.705E-02 1.607E+O0
2.200E+01 1.069E+O0 0.000E+OO 2.215E-01 1.565E+O0 2.703E-02 2.012E-04 0.000E+OO 4.694E-02 1.774E+O0
2.400E+01 1.072E+O0 0.000E+OO 2.426E-01 1.564E+O0 3.291E-02 4.581E-04 0.000E+OO 6.327E-02 2.022E+O0
2.600E+01 1.071E+O0 0.000E+OO 2.602E-01 1.568E+O0 4.031E-02 8.143E-04 0.000E+OO 8.106E-O2 2.21OE+OO
2.800E+01 1.066E+O0 0,000E+OO 2.784E-01 1.601E+O0 4.760E-02 1.192E-03 0.000E+OO 9.332E-02 2.255E+O0
3.000E+O1 1.056E+O0 0.000E+OO 3.064E-01 1.645E+O0 5.344E-02 1.564E-03 0.000E+OO 9.509E-02 2.231E+O0
3.500E+01 1.021E+O0 0.000E+OO 3.965E-01 1.662E+O0 6.682E-02 2.347E-03 0.000E+OO 1.023E-01 2.116E+O0
4.000E+O1 9.844E-01 0.000E+OO 4.394E-01 1.656E+O0 7.598E-02 3.105E-O3 0.000E+OO 1.103E-O1 2.094E+O0
4.500E+01 9.528E-01 0.000E+OO 4.780E-01 1.676E+O0 8.243E-02 3.761E-03 0.000E+OO 1.208E-01 2.085E+O0
5.000E+O1 9.132E-01 0.000E+OO 5.163E-011.674E+O08.691E-024.316E-030.000E+OO1.283E-012.043E+O0
5.500E+018.722E-010.000E+OO 5.462E-01 1.652E+O0 8.928E-02 4.838E-03 0.000E+OO 1.367E-01 1.989E+O0
6.000E+O1 8.366E-01 0.000E.+00 5.860E-01 1.635E+O0 9.205E-02 5.263E-03 0.000E+OO 1.450E-01 1.900E+O0
6.500E+01 8.093E-01 0.000E+OO 6.291E-01 1.636E+O0 9.581E-02 5.646E-03 0.000E+OO 1.559E-01 1.833E+O0
7.000E+O1 7.894E-01 0,000E+OO 6.674E-01 1.642E+O0 1.008E-01 6.168E-03 0.000E+OO 1.701E-01 1.717E+O0
7.500E+01 7.758E-01 0.000E+OO 7.089E-01 1.665E+O0 1.053E-01 6.599E-03 0.000E+OO 1.845E-01 1.688E+O0
8.000E+O17.672E-01 0.000E+OO 7.494E-01 1.697E+O0 1.1OOE-O1 7.045E-03 0.000E+OO 2.000E-01 1.672E+O0
8.500E+01 7.622E-01 0.000E+OO 7.882E-01 1.729E+O0 1.156E-01 7.702E-03 0.000E+OO 2.183E-01 1.648E+O0
9.000E+O1 7.596E-01 0.000E+OO 8.296E-01 1.764E+O0 1.205E-01 8.251E-03 0.000E+OO 2.360E-01 1.633E+O0
9.500E+01 7.584E-01 0.000E+OO 8.681E-01 1.799E+O0 1.251E-01 8.851E-03 0.000E+OO 2.535E-01 1.629E+O0
1.000E+02 7.580E-01 0.000E+OO 9.044E-01 1.835E+O0 1.285E-01 9.749E-03 0.000E+OO 2.738E-01 1.61SE+O0
1.1OOE+O2 7.574E-01 0.000E+OO 9.808E-01 1.899E+O0 1.364E-01 1.127E-02 0.000E+OO 3.106E-O1 1.557E+O0
1.200E+02 7.559E-01 0.000E+OO 1.051E+O0 1.960E+O0 1.461E-01 1.352E-02 0.000E+OO 3.525E-01 1.500E+O0
1.300E+02 7.528E-01 0.000E+OO 1.090E+O0 1.994E+O0 1.537E-01 1.565E-02 0.000E+OO 3.861E-01 1.435E+O0
1.400E+02 7.484E-01 0.000E+OO 1.11OE+OO 2.014E+O0 1.617E-01 1.837E-02 0.000E+OO 4.196E-01 1.360E+O0
1.500E+02 7.428E-01 0,000E+OO 1.109E+OO 2.013E+O0 1.671E-01 2.078E-02 0.000E+OO 4.438E-01 1.265E+O0

28058. TAR~E~ 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A
Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha ganlma

3.000E+OO 0.000E+OO 1.475E+00 0.000E+OO 0.000E+OO 0.000E+OO 0.000E+OO 2.654E+O0
4.000E+OO0.000E+OO 2.454E+O0 0.000E+OO 0.000E+OO 0.000E+OO 2.343E+O0 1.581E+O0
5.000E+OO 0.000E+OO 3.338E+O0 0,000E+OO 0.000E+OO 0.000E+OO 3.254E+O0 1.4971t+O0
6.000E+OO 0.000E+OO 3.929E+O0 0.000E+OO 0.000E+OO 0.000E+OO 4.173E+O0 1.506E+O0
7.000E+OO 0.000E+OO 4.469E+O0 0.000E+OO 0.000E+OO 0.000E+OO 5.098E+O0 1.564E+O0
8.000E+OO 0.000E+OO 5,185E+O0 0.000E+OO 0.000E+.00 0.000E+OO 6.019E+O0 1.659E+O0
9.000E+OO 0.000E+OO 5.521E+O0 0.000E+.00 0.000E+OO 0.000E+OO 6.917E+O0 1.768E+O0
1.000E+O1 3.470E-01 5.724E+O0 0.000E+OO 0.000E+OO 0.000E+OO 7.742E+O0 1.81OE+OO
1.1OOE+O1 1.065E+O0 6.005E+O0 7.314E-01 0.000E+OO 0.000E+OO 8.349E+O0 1.883E+O0
1.200E+01 1.332E+O0 6.227E+O0 1.664E+O0 0.000E+OO 0.000E+OO 8.599E+O0 1.959E+O0
1.300E+01 1.722E+O0 6.385E+O0 2,580E+O0 0.000E+OO 0.000E+OO 8.698E+O0 2.047E+O0
1.400E+01 2.078E+O0 6.386E+O0 3.411E+O0 0.000E+OO 0.000E+OO 8.890E+O0 2.116E+O0
1.500E+Ol 2.41OE+OO 6.095E+OO_4.12QNO0.O.OQmOC–Q.0QQM44-9.>4%Sqe -2:157E+06
1.600E+01 2.488E+O0 5.972E+O0 4.728E+O0 1.612E+O0 0.000E+OO 9.401E+00 2.156E+O0
1.700E+01 2.300E+O0 5.915E+O0 5.333E+O0 2.558E+O0 0.000E+OO 9.641E+O0 2.097E+O0
1.800E.I-01 2.252E+O0 5.985E+O0 5.933E+O0 3.51OE+OO 0.000E+OO 9.850E+O0 1.994E+O0
1.900E+Ol 2.347E+O0 6.151E+O0 6.556E+O0 4.359E+00 0.000E+OO 1.000E+O1 1.889E+O0
2.000E+O1 2.456E+O0 6.380E+O0 7.069E+O0 4.649E+O0 0.000E+OO 1.008E+01 1.795E+O0
2.200E+01 2.993E+O0 6.838E+O0 8.345E+O0 5.41OE+OO 0.000E+OO 1.007E+01 1.773E+O0
2.400E+01 3.524E+O0 7.321E+O0 9.558E+O0 6.295E+O0 0.000E+OO 1.005E+01 1.857E+O0

2,600E+014.039E+007,7ql&W0 l,069E+01‘7.227~+001).Ol)OE+OO1.020E+011.951E+O0
2.800E+014.528E+O08.038E+O01.178E+018.225E+.00 0.000E+OO 1.053E+01 1.993E+O0
3.000E+O1 4.880E+O0 8.329E+O0 1.273E+01 9.195E+O0 0.000E+OO 1.089E+01 1.966E+O0
3.500E+01 5.545E+O0 9.326E+O0 1.552E+01 1.126E+01 0.000E+OO 1.155E+01 1.811E+O0
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4.000E+O1 6.638E+o0 1.040E+01 1,833E+01 1.316E+01 0.000E+OO 1.200E+01 1.803E+O0
4.500E+01 7.592E+o0 1.120E+01 2.085F.+01 1.477E+01 0.000E+OO 1.237E+01 1..818E+00
5.000E+O1 8.383E+I)IJ 1.193E+01 2.327E+01 1.615E+01 0.000E+OO 1.269E+01 1.803E+O0
5.500E+01 9.129E+I)Ll 1.277E+01 2.508E+01 1.727E+01 0.000E+OO 1.294E+01 1.792E+O0
6.000E+O1 9.678E+O0 1.356E+I)1 2.685E+01 1.827E+01 O.OOOE+OO 1.314E+01 1.824E+O0
6.SOOE+O1 1.020E+01 1.424E+01 2.855E+01 1.90031+01 0.000E+OO 1.327E+OI 1.830E+O0
7.000E+O1 1.080E+01 1.490E+01 2.976E+01 1.945E+01 0.000E+OO 1.337E+01 1.778E+O0
7.500E+01 1.139E+01 1.547E+01 3.107E+O1 1.986E+01 0.000E+OO 1.345E+01 1.789E+O0
8.000E+O1 1.203E+01 1.601E+01 3.227E+01 2.012E+01 0.000E+OO 1.352E+01 1.795E+O0
8,500E+01 1.269E+01 1.655E+01 3.314E+01 1.996E+01 0.000E+OO 1.358E+01 1.781E+O0
9.000E+O1 1.330E+01 1.711E+01 3.414E+01 1.991E+01 0.000E+OO 1.364E+01 1.801E+O0
9.500E+01 1.395E+01 1.768E+01 3.505E+01 1.974E+01 0.000E+OO 1.371E+01 1.817E+O0
1.000E+02 1.464E+01 1.827E+01 3.509E+01 1.926E+01 0.000E+OO 1.379E+01 1.831E+O0
1.1OOE+O2 1.581E+01 1.943E+01 3.633E+01 1.850E+01 0.000E+OO 1.393E+01 1.852E+O0
1.200E+02 1.679E+01 2.049E+01 3.674E+01 1.731E+01 0.000E+OO 1.405E+01 1.848E+O0
1.300E+02 1.807E+01 2.175E+01 3.787E+01 1.644E+01 0.000E+OO 1.422E+01 1.833E+O0
1.400E+02 1.944E+01 2.304E+01 3.859E+01 1.546E+01 0.000E+OO 1.439E+01 1.842E+O0
1.500E+02 2.109E+O1 2.454E+01 3.975E+01 1.472E+01 0.000E+OO 1.458E+01 1.854E+O0
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p+ 58Ni angle-integrated emission spectra



p+ 58Ni Kalbach preequilibrium ratios
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